The authors investigated the hypothesis that dissociation may represent a functional dysconnec
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issociation is characterized by a "disruption in the usually integrated functions of consciousness, memory, identity, or perception of the environment."
1 Its clinical manifestations include amnesia for autobiographical information, depersonalization and derealization, and identity disturbances, which are core features of the dissociative disorders. Moreover, dissociative symptoms also play a prominent role as response to traumatic stress and in posttraumatic stress disorder (PTSD). [2] [3] [4] Despite the broad clinical and theoretical interest in dissociation, its neurobiological basis is far from understood. 5 Particularly, neurophysiological models have been given little attention, 6 although it has been assumed that dissociation may represent a functional dysconnectivity syndrome. 5 More specifically, it has been suggested that a dysfunction of hemispheric interaction might be a predisposition to dissociative psychopathology. 6, 7 Empirical evidence for this hypothesis has originated from various sources. A neurophysiological study of hypnotic and dissociative states indicated lateralized shifts in DISSOCIATION, HEMISPHERIC ASYMMETRY electroencephalogram (EEG) frequency and evoked potential amplitudes. 8 A shift in hemispheric dominance was assumed as a possible explanation for the changes in handedness in dissociative identity disorders. 9 In epileptic patients, dissociative-like phenomena were considered to reflect ictally dependent shifts in relative hemispheric dominance. 10 Additionally, it was argued that a hemispheric imbalance may be relevant to the pathophysiology of PTSD. 11 This is consistent with EEG and evoked potential studies in PTSD patients 12, 13 as well as with functional imaging investigations.
14 Finally, developmental traumatology research 15 indicated a negative correlation between dissociative psychopathology and the size of the corpus callosum in maltreated children. In sum, several lines of evidence support the hypothesis that a deviance in cerebral lateral organization and an altered interhemispheric processing of sensorimotor and cognitive information, which has been referred to as functional commissurotomy, 5 may play a crucial role in dissociation.
Transcranial magnetic stimulation (TMS), a noninvasive, painless, and safe method of neuropsychiatry, 16 allows the investigator to assess the cortical excitability and its interhemispheric asymmetry by means of the motor threshold required to induce a motor-evoked potential (MEP). 17 Transcranial magnetic stimulation can also be applied to study the function of the corpus callosum (CC). 18, 19 The CC represents the largest connection between the cerebral hemispheres and plays a major role in interhemispheric transfer and integration of sensorimotor and cognitive information. 20 The TMS approach to investigate transcallosal pathways is based on the observation that focal magnetic stimulation over the motor cortex of one hemisphere suppresses ongoing voluntary electromyographic (EMG) activity originating from the contralateral motor cortex, and this inhibition is mediated via the CC. 18, 19 The transcallosal inhibition (TI) and the transcallosal conduction time (TCT) reflect the interhemispheric transfer. In patients with abnormalities or cerebrovascular lesions of the CC, the TI was found to be abolished or delayed. 19, 21 In schizophrenia patients, the TCT and the duration of the TI were significantly prolonged as compared with healthy subjects. 22 Taking the above into consideration, our explorative study, in which TMS was utilized, aimed to test the following hypotheses: 1) dissociative psychopathology is related to an interhemispheric cortical asymmetry as revealed by differences in MEP thresholds; 2) dissociation is linked to a dysfunction of hemispheric interaction as revealed by an altered TI. Because several TMS investigations 23, 24 indicated a functional hemispheric asymmetry between right-and left-handed individuals, we included only right-handed participants. Another reason for this procedure is the observation that handedness might be a predisposing factor for dissociative experiences.
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METHOD
Participants and Procedure A random sample of students from our university was screened for the selection criteria of this study. Exclusion criteria were younger than 18 years of age, current or past psychiatric treatment (either inpatient or outpatient), current medication with psychopharmacological drugs, history of seizures or any other disorder of the central nervous system, and left handedness. A total of 74 students met the inclusion criteria. After complete description of the study, which was approved by the local ethical committee, all subjects gave written, informed consent to participate. The mean age of the participants was 22.4 years (SD‫,0.3ס‬ range‫,)43-81ס‬ and there was an almost equal gender distribution, with 36 (49%) female and 38 (51%) male students. All participants underwent the electrophysiological investigation, as described below, and then completed the self-report measures.
TMS Procedure
We used a KEYPOINT commercial amplifier (Medtronic Dantec, Skovlunde, Denmark) with a band pass of 10-10000 Hz. Electromyographic recordings were made bilaterally with surface electrodes in tendon-belly arrangement from the first dorsal interosseus muscle (FDI). Transcranial magnetic stimulation was performed using a Maglite Stimulator (2-T version; Medtronic Dantec, Skovlunde, Denmark).
Motor thresholds of the FDI were evaluated using a standard round coil (outer diameter 13 cm) centered over the vertex, with the current flowing anticlockwise (as viewed from above) for stimulation of the left hemisphere and clockwise for the right hemisphere, as described elsewhere. [23] [24] [25] Motor-evoked potential thresholds were determined in relaxed muscles on either side according to the International Federation of Clinical SPITZER et al.
Neurophysiology recommendations
26 by changing the stimulator intensity at 1% steps until there was a minimal motor response (Ͼ50 lV) in five out of 10 trials. This intensity was defined as the motor threshold and is expressed as percent of the maximum stimulator output.
Focal TMS of the motor cortex of each hemisphere was performed consecutively with a figure of eightshaped coil (outside diameter of half-coil 9 cm). The coil center was placed over the hand area of the motor cortex, with the handle of the coil pointing backwards (current flow in posterior-anterior direction). The optimal stimulation point for producing maximal hand motor responses was determined individually for each subject.
Cortical stimulation was performed with a stimulus intensity of 75% of the maximum stimulator output during maximal voluntary contraction of the FDI. Stimuli were applied at a frequency of 0.2 Hz. Subjects were asked to maintain a maximal activation of their ipsilateral FDI before and during the stimulation and to relax their hand muscles afterwards in order to prevent fatigue. Twenty responses in each FDI ipsilateral and contralateral to focal TMS were recorded and averaged. In muscles contralateral to the hemisphere, stimulated corticomotor conduction time (CMCT) was determined. In FDI ipsilateral to stimulation, we measured the onset latency (LTI) and the duration (DTI) of transcallosal inhibition. The CMCT is the interval between the transcranial magnetic stimulus and the beginning of the EMG response in the contralateral FDI. The LTI was defined as the interval between the stimulation and the suppression of the tonic EMG activity in the ipsilateral FDI. The DTI was measured from the onset of EMG activity suppression to its recurrence. The TCT was calculated by subtracting the CMCT of one FDI from the LTI of the same FDI (e.g., LTI right FDI-CMCT right FDI‫ס‬TCT right to left hemisphere). The principle of TMS and the method of determining the different response parameters are illustrated in Fig. 1 .
Psychometric Instruments
The Dissociative Experiences Scale (DES) is a 28-item, self-administered inventory to measure the frequency of dissociative experiences. 27 A cutoff score of 30 or above was recommended to differentiate between high and low dissociators. 28 The DES is an internationally, wellestablished, highly valid and reliable questionnaire. 29 The psychometric properties of the German version were almost identical to the original version. 30 Handedness was determined by the Edinburgh Inventory.
31
Statistical Analysis
Data analyses were computed using SPSS (version 10.0). The results are presented as absolute numbers and corresponding percentages or as group means and standard deviations. Motor-evoked potential thresholds are expressed as mean percentages of the stimulator output. The chi-square test was used to compare the male-tofemale ratio. We applied nonparametric procedures because we did not assume a normal distribution of the data due to the relatively small number of participants. Within group differences (i.e., MEP thresholds of both sides) were analyzed by means of the Wilcoxon matchedpairs test. For between group differences (i.e., high and low dissociators) we used the Mann-Whitney U test. This was followed by a linear regression with the DES score as dependent variable and those neurophysiological parameters as independent variables, which significantly differed between the high and low dissociators. Significance level was set at PϽ0.05.
RESULTS
Dissociative Experiences Scale scores ranged from 1.1 to 58.9, with a median of 11.8 and mean of 14.8 (SD‫.)4.11ס‬ Of the 74 participants, eight (11%) scored 30 or above. Among these high dissociators, four (50%) were female. There was no significant difference in the gender distribution between the high and low dissociators (v 2 ‫,10.0ס‬ df‫,1ס‬ P‫.)539.0ס‬ High and low scoring subjects did not significantly differ with respect to age (high dissociators mean age‫3.22ס‬ years, SD‫;0.2ס‬ low dissociators mean‫4.22ס‬ years, SD‫)1.3ס‬ (U‫,0.242ס‬ P‫.)996.0ס‬
For the entire sample, there was no difference in cortex excitability as measured by the motor thresholds, which was 40.9% (SD‫)%8.6ס‬ for the right FDI and 41.1% (SD‫)%8.6ס‬ for the left FDI ‫,25.0מס‪(z‬‬ P‫.)406.0ס‬ However, in the group of high dissociating students, the motor threshold for the right FDI was significantly higher (44.3%, SD‫)%3.9ס‬ than that for the left FDI (41.4%, SD‫)%5.8ס‬ ‫,23.2מס‪(z‬‬ P‫)020.0ס‬ indicating a lower left hemispheric excitability. In the low dissociators, the right motor threshold (mean‫,%5.04ס‬ SD‫ס‬ 6.5%) did not significantly differ from the left side (mean‫,%1.14ס‬ SD‫)%7.6ס‬ ‫,22.1מס‪(z‬‬ P‫.)322.0ס‬
For both the high and the low dissociators, the CMCT, LTI, and DTI of the transcallosal inhibition and the calculated TCT are presented in Table 1 . The high dissociators had a significantly earlier LTI of the left FDI than DISSOCIATION, HEMISPHERIC ASYMMETRY did the low dissociators. For the right FDI, this comparison was not significant (P‫.)622.0ס‬ Correspondingly, the TCT from the left to the right hemisphere was significantly shorter in high dissociating subjects than in low dissociating subjects. There was no significant difference in the TCT from the right to the left hemisphere between the two groups. The DTI did not significantly differ between high and low dissociators, for neither the left nor the right FDI. Entering the DES score as dependent variable into a linear regression did not reveal any significant relationship (F‫,571.0ס‬ df‫, 17 
DISCUSSION
Using a TMS approach, this is the first explorative study investigating the hypotheses that dissociative experiences are associated with an interhemispheric cortical asymmetry and a dysfunction of hemispheric interaction. We found that high dissociating students (i.e., DES scores of 30 or above) had a significantly lower left hemispheric excitability, as compared to the right hemisphere. In contrast, this difference in cortical excitability was absent in low dissociators. Furthermore, the TCT from the left to the right hemisphere of high dissociators was significantly shorter than that of low dissociators. This shortened TCT was caused by an LTI of the trans- Stimulation of the motor cortex of one hemisphere (A) activates the corticospinal tract, which results in contralateral hand motor responses, and activates callosal fibres (B), which leads to suppression of tonic EMG activity of maximally contracted ipsilateral hand muscles.
callosal inhibition and not by a shortened CMCT in the high dissociators. Although we found significant differences between the high and low dissociators, there was no linear relationship between the DES score, the TCT, and the LTI across all subjects. Presumably, these variables are strongly interrelated because the TCT is calculated on the basis of the LTI, and therefore a linear regression might be distorted for reasons of co-linearity. Alternatively, there may be a nonlinear relationship between dissociation and parameters of interhemispheric transfer. This consideration corresponds with findings indicating that dissociation does not follow a continuum (or linear) model, but can better be described by distinct types. 28 The motor thresholds found in our study are comparable to values reported for other nonclinical, healthy samples, and we did not find any differences in motor thresholds between right and left FDI, which is consistent with other studies. 23, 24 However, high dissociators had a lower excitability of the left hemisphere, as compared to the right hemisphere. This difference was absent in the low dissociating group. It was proposed that threshold asymmetry may arise from functional asymmetry, 32 and it was speculated that a lower excitability might indicate a dominance for a broad range of functions that are independent of language dominance. 23 Following these considerations, our results suggest that dissociation may involve a functional superiority of the left hemisphere over the right hemisphere or, alternatively, a lack of an integration in the right hemisphere. This corresponds with the idea that the right hemisphere has a distinct role in establishing, maintaining, and processing personally relevant aspects of an individual's world. 33 Thus, a right hemispheric dysfunction might result in an altered sense of personally relevant familiarity, 33 which resembles phenomenologically the dissociative symptoms of depersonalization and derealization. Additionally, there is converging evidence suggesting that traumatic stress disturbs hemispheric balance, 34 and trauma-related conditions, which themselves are closely associated with dissociative psychopathology, 2,3 lack right hemispheric integration. 13 However, one must be mindful that motor threshold asymmetries were also found in patients with treatmentrefractory major depression. 35 Therefore, it remains unclear whether a lower left hemispheric excitability is specific to dissociation, especially since other psychiatric disorders have been considered to involve alterations in hemispheric balance as well. 36 High dissociators had a significantly earlier onset latency of the TI than low dissociators, resulting in a shorter TCT from the left to the right hemisphere. This finding seems counter-intuitive and is difficult to interpret because all investigations on TI reported that TCT is longer in the conditions of interest such as schizophrenia 22 or neurological diseases. 19, 21 One interpretation could be that a shortened TCT in high dissociators may entail a "hyperconnectivity" between the hemispheres, contradicting the notion that dissociation is possibly due to a functional commissurotomy. 5, 6 However, this hypothesized "hyperconnectivity" relates to inhibitory influences, and therefore may disturb functional balance between the hemispheres. The finding that activation of the left hemisphere in high dissociators results in faster inhibition of right hemispheric regions, then vice versa, whereas low dissociators have a balanced interhemispheric inhibition, corresponds with the consideration that dissociation may involve a functional superiority of the left hemisphere over the right hemisphere.
Relating this assumption to models of hemispheric specialization, particularly to those of emotional lateralization, 37 ,38 may provide a framework for a better understanding of the neurophysiology of trauma-related conditions and dissociation. 2, 3 One assertion is that the 37 A number of experimental studies, including functional imaging in healthy subjects 38, 39 and brain-lesioned patients, 40 have confirmed this valence hypothesis. Given that dissociation involves an interhemispheric imbalance, with the left hemisphere being superior, one might speculate that in dissociation-prone individuals, a trauma that is perceived and processed by the right hemisphere will lead to a "disruption in the usually integrated functions of consciousness." 1 Our results should be interpreted cautiously, pending replication and extension to patient samples. In particular, it would be necessary to investigate patients with confirmed dissociative disorders. However, such patients may suffer from comorbid PTSD and other disorders, which in turn could prove confounding. [2] [3] [4] [5] Furthermore, the generalizability of our findings is limited by the relatively low number of high dissociators. Another critical issue might be the measurement of excitability using 75% of maximum stimulator output. If the excitability of one hemisphere is markedly different from the other, then a fixed stimulus would be relatively stronger on the one side than the other. This could result in different parameters of TI. However, using 75% of the maximum stimulator output seems reasonable because this stimulus intensity always evokes TI in normal subjects, and the parameters of TI do not markedly change with increasing stimulus intensity. 19 Finally, because TMS merely allows conclusions on the transfer and processing of motor information, we can only hypothesize that our considerations also apply to sensory and cognitive information. This question is to be addressed by future studies, which should investigate whether our findings are specific to dissociation. Notwithstanding these caveats and the preliminary nature of our results, neuropsychiatric approaches to dissociation and trauma-related conditions seem to provide heuristically valuable contributions to understanding them, particularly when integrating the issue of cerebral laterality.
